We observed variation between accessions in the degree to which total SA differences 178 impacts bacterial resistance. For example in Ler-0, a rise of only 0.38 µg/g FW total SA 179 between 16°C and 22°C resulted in a substantial (1.5 log 10 ) reduction in bacterial numbers 180 (Fig. 3b ). Est-1, with a much higher total SA differential (1.68 µg/g FW) between 181 temperatures, showed only a small (0.5 log 10 ) difference in bacterial growth, whereas in Fei-0 182 a 2.56 µg/g FW total SA change translated to a 2.0 log 10 bacterial growth difference (Fig. 3b ). 183 All accessions in Fig. 3 had proportional free and total SA levels ( Fig. S2 ). Together, these 184 data suggest there is variation between A. thaliana accessions in the extent to which 185 accumulated SA translates to bacterial immunity. When cultured on liquid M9 minimal salt 186 medium containing sorbitol as carbon source over a 56 h time course, Pst DC3000 grew more 187 slowly at 16°C than at 22°C during the exponential phase (Fig. S5 ). This result emphasizes 188 the influence of A. thaliana host genotype in determining temperature effects on post-stomatal 189 bacterial growth in leaves. 190 191 High SA accumulation prior to infection increases bacterial immunity 192 We have shown that A. thaliana SA amounts before infection correlate positively with 193 resistance to virulent Pst DC3000. Next we tested whether temperature effects on Pst 194 DC3000-induced SA might also contribute to resistance in these accessions. For this, leaves 195 of accessions Ven-1, Mz-0, Fei-0, Ei-2, Col-0 and Se-0 grown at 16°C or 22°C were sprayed 196 with Pst DC3000 or buffer (mock) and total SA measured at 24 hpi. Similar temperature both temperature-dependent SA and temperature-independent (non-SA) defences shaping A. 229 thaliana post-stomatal immune responses to bacteria.
231
Genetic architecture of SA regulation by temperature in A. thaliana 232 After assessing SA homeostasis in response to temperature in 105 A. thaliana accessions, we 233 examined whether specific phenotypes fit a global distribution pattern, using the coefficients 234 of a GLM (Generalized Linear Model; Materials and Methods) to colour-code phenotypes at 235 occurrence sites. There were no obvious geographic or climatic distribution patterns found for 236 temperature-dependent total SA regulation (Methods) ( Fig. 5a ; representing only extended 237 European accessions for clarity).
239
Broad sense heritability of SA accumulation was calculated to be 0.79 at 16°C and 0.76 at 240 22°C, indicating a sizable genetic underpinning to this trait. To explore the trait genetic 241 architecture we performed temperature x total SA association mapping on 99 accessions using 242 the GWAPP tool 50 and coefficients of the GLM as a phenotype (Methods). One major peak 243 on the upper arm of chromosome 4 contained six significant single nucleotide polymorphisms 244 (SNPs) after Bonferroni multiple testing correction ( Fig. 5b and Table S3 ). Two additional 245 peaks were found on chromosomes 1 and 4, each with one significantly associated SNP after 246 Bonferroni correction ( Fig. 5b and Table S3 ). Immediate and neighbouring genes within 10 247 kb each side of the significant SNPs were considered as candidates (Table S3) 51 . Two SNPs 248 on the upper arm of chromosome 4 fall in the bHLH transcription factor gene unfertilized 249 embryo sac 12 (UNE12), in which a T-DNA insertion in Col-0 led to slightly increased 250 resistance to a virulent strain of the oomycete pathogen Hyaloperonospora arabidopsidis 52 .
251
None of the six remaining significant SNPs considered by the GWAPP tool was in a gene 252 related to SA biosynthesis/signalling, temperature responses, defence or cell death regulation 253 (Table S3 ) except for At4g02600, a homologue of barley mildew resistance locus O1 (ATMLO1) 53 . However, ATMLO1 expression was found to be specific to early development 53 .
255
In the GWAS analysis, A. thaliana genes involved in thermosensory regulation, such as PIF4, 256 PhyB, NTL6 or genes controlling alternative histone H2A.Z recruitment 7, 10, 11, 18 , were not 257 found to be associated with temperature-dependent SA regulation. Because Bonferroni is 258 conservative, we extended the list of candidate genes in the vicinity of SNPs with a reduced 259 significance level of -log(P) = 5.5 (Table S3 ). This identified SCF E3 ubiquitin ligase 260 complex genes: Skp1 interacting protein5 (SKIP5), cullin1 (CUL1), two F-Box protein genes 261 (At3g25750, At3g54460) and a ubiquitin ligase protein degradation gene (At3g29270) as 262 candidates for temperature-dependent SA regulation (Table S3 ). Several other candidates are 263 associated with transcription (UNE12, RNA polymerase II E, transcription factor At2g46510 264 and transposable elements (TE) ( Table S3 ). Table S3 ), we investigated its role in temperature-dependent SA accumulation and immunity.
269
Using TAIR.10 sequence data to identify UNE12 genomic polymorphisms with the Col-0 270 reference genome (http://signal.salk.edu/atg1001/3.0/gebrowser.php) we examined sequences 271 from accessions with extreme or intermediate temperature x SA phenotypes that were also 272 used for the Pst DC3000 infection assays ( Fig. 3 ). Variation was uncovered in UNE12 coding 273 and regulatory sequences ( Fig. 5c ). While accessions Bay-0 and Se-0 have several deletions 274 and nucleotide exchanges in the UNE12 coding sequence relative to Col-0, all other 275 considered accessions only display one SNP in the coding sequence ( Fig. 5c ). Since this SNP 276 leads to a synonymous mutation, we reasoned that variation in expression of UNE12 rather 277 than protein sequence might underlie temperature-modulated SA and/or bacterial resistance.
A T-DNA line with an insertion in the last intron of UNE12 leading to a truncated transcript 280 (SALK_13303; une12-13 -verified by qRT-PCR ( Fig. 6a and Table S4 )), and a β-estradiol 281 inducible UNE12 transgenic line (βE::UNE12) from the TRANSPLANTA Col-0 collection 54 , 282 were selected for phenotyping. Because the bHLH TF PIF4 and its closest homologue PIF5 283 are temperature-sensing immunity regulators under control of the PhyB thermosensory 284 pathway in Col-0 10 , we explored redundancy or cooperativity between PIF4/PIF5 and UNE-285 12 by including the pif4-2 pif5-3 double mutant and a PIF4::PIF4HA pif4-101 over-286 compensating transgenic line 55, 56 in our assays. In 5-week-old Col-0 plants at 16°C, UNE12 287 expression was low and increased 0.5-fold at 22°C ( Fig. 6a ). As expected, une12-13 had no 288 detectable full-length transcript whereas the estradiol-untreated βE::UNE12 line expressed 2-289 fold higher UNE12 than Col-0 at both temperatures ( Fig. 6a ). PIF4 expression was 290 undetectable in pif4-2 pif5-3 and was elevated in the PIF4::PIF4HA pif4-101 line at 16°C 291 compared to Col-0, and further boosted in PIF4::PIF4HA pif4-101 leaves at 22°C (Fig. 6b ).
292
Loss or gain of PIF4 expression, respectively in pif4-2 pif5-3 and PIF4::PIF4HA pif4-101, 293 did not alter UNE12 expression at either temperature ( Fig. 6a ). Reciprocally, PIF4 expression 294 which was higher than UNE12, did not change within the 6°C temperature range in Col-0 or 295 une12-13 and βE::UNE12 lines ( Fig. 6b ). Therefore, UNE12 and PIF4/PIF5 do not influence 296 each other's expression under the tested conditions. 297 298 UNE12 has features of a temperature-responsive immunity regulator 299 We quantified total SA in the above lines at 16/14°C and 22/20°C. Col-0 SA levels decreased 300 with increased temperature (Fig. 6c ) as observed before ( Fig. 3a) . At 16°C, the une12-13 301 mutant had similar total SA amounts as Col-0 but, unlike Col-0, maintained the same SA level 302 at 22°C (Fig. 6c ). Strikingly, 2-fold over-expression of UNE12 in the βE::UNE12 line led to 303 low total SA accumulation at both temperatures ( Fig. 6c ). Therefore, mis-regulation of 304 UNE12 alters SA accumulation in response to temperature. We found that pif4-2 pif5-3 did not alter temperature modulation of total SA but that PIF4 over expression (in PIF4::PIF4HA 306 pif4-101) reduced total SA in plants grown at 16°C and further at 22°C (Fig. 6c ). These data 307 suggest that UNE12 and PIF4 operate differently in transmitting temperature information to 308 SA accumulation.
310
Next we tested whether the temperature x SA profiles in the above lines tally with changes in 311 SA-based immunity by quantifying PR1 expression and Pst DC3000 growth in 5-week-old 312 plants at 16°C and 22°C. PR1 expression and resistance to Pst DC3000 correlated with SA 313 regulation by temperature in these lines with two exceptions ( Fig. 6c-e ). At 22°C, PR1 314 expression in une12-13 was lower than expected based on its SA accumulation and resistance 315 to Pst DC3000 ( Fig. 6c-e ). By contrast, the PIF4 overexpression line (PIF4::PIF4HA pif4-316 101) exhibited equivalent low SA and PR1 expression but higher Pst DC3000 susceptibility 317 than Col-0 at 22°C ( Fig. 6c-e ). At 3 hpi, Pst DC3000 bacterial entry was similar between 318 temperature regimes and lines ( Fig. 6f ), suggesting that the observed UNE12 and PIF4 effects 319 on bacterial resistance are mainly post-stomatal. Taken together, these data suggest that 320 UNE12 participates in temperature regulation of SA immunity and do not support a 321 conjunction of UNE12 and PIF4 pathways in this temperature response. Here we explored A. thaliana natural variation in response to temperature impacting SA 350 accumulation, growth and resistance to bacterial (Pst DC3000) infection. One aim was to 351 determine differential temperature effects on immunity within a non-stress range, taking SA 352 as an initial proxy for plant defence status. A second aim was to identify potential benefits and Association mapping allowed us to link variation in temperature-dependent total SA to three 442 loci on two chromosomes, with a strongly supported QTL on chromosome 4 ( Fig. 5b) . In A. 
